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CLAIMS 



[Claim(s)] 

[Claim 1] The massflow controller characterized by forming the hydrometry section and a flow rate control section 
in this passage while preparing the silicon substrate section and the ** gas chip section joined to this top face in 
the well-closed container which enclosed inert gas, forming this ** gas chip section in the multilayer structure 
which carried out two or more laminatings of two or more corrosion-resistant metal plates and forming passage in 
that interior 

[Claim 2] The massflow controller according to claim 1 which comes to form an operation control section in the 
silicon substrate section. 

[Claim 3] The massflow controller according to claim 1 or 2 which controls the diaphram in a flow rate control 
section by pneumatic pressure. 

[Claim 4] The massflow controller according to claim 1 or 2 which controls the diaphram in a flow rate control 
section by the piezo actuator. 

[Claim 5] The massflow controller according to claim 1 to 4 with which the hydrometry section consists of a 
pressure sensor and a sonic nozzle. 

[Claim 6] The massflow controller according to claim 1 to 4 with which the hydrometry section consists of a thin 
film flow rate sensor. 

[Claim 7] The integration flow rate control unit characterized by making it each massflow controller equipped with a 
pressure regulator, and a pressure sensor and the stop valve section while forming two or more massflow 
controllers of each other according to claim 1 to 6 in juxtaposition at the integration block which consists of a 
corrosion-resistant metal. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the massflow controller which controls a quantity of gas flow, and 

the integration flow rate control unit using this. 

[0002] 

[Description of the Prior Art] The massflow controller is used in remote control of the automatic control of the gas 
which comes to form the hydrometry section and a flow rate control section in one base, and is conventionally 
used for semi-conductor manufacture, or various industrial process gas, a flow monitor and harmful gas, or the high 
gas of danger, and the still larger field from production facilities, such as adjustment of mixed gas, and loading to 
the system for test research, to researches and developments. 

[0003] Recently, the miniaturization of the above-mentioned massflow controller is demanded and a small massflow 
controller as shown in drawing 9 has come [ by the way, ] to be developed by the micro-machining technique which 
utilized the photolithography of a semi-conductor process technique, and the etching technique. 
[0004] In drawing 9 ,61 is a massflow controller and is prepared in one field (inferior surface of tongue) of the 
accumulation block 62. This massflow controller 61 is constituted as follows. That is, the substrate 63 which 
consists of ceramics is formed in one field of the accumulation block 62, and the laminating of the silicon layers 64 
and 65 is carried out to the inferior surface of tongue of this substrate 63. And as it stands in a row in the gas 
passageway 66 formed in the accumulation block 62, passage 67 is formed in a substrate 63, and as it stands in a 
row in this passage 67, a crevice 68 is formed in the silicon layer 64, and this crevice 68 is further connected to 
another passage 70 formed in the accumulation block 62 through another passage 69 formed in the substrate 63. In 
addition, 71 and 72 are seal members infixed between the accumulation block 62 and a substrate 63. 
[0005] And 73 is a flow rate control section formed between passage 67 and passage 69. This flow rate control 
section 73 is constituted as follows. That is, 74 is the valve seat section formed in the lower limit section of 
passage 67, and is formed in formation and coincidence of said crevice 68 of etching. Etch that inferior— surface- 
of-tongue side into the silicon layer 65 corresponding to this valve seat section 74, and diaphram 75 is formed. A 
liquid is enclosed with the space 77 formed between the heat-resisting glass layers 76 prepared in the inferior- 
surface-of-tongue side of the silicon layer 65 and the silicon layer 65 as contacted. By heating this liquid, 
expanding it and moving diaphram 75 in the valve seat section 74 direction, it is constituted so that the opening of 
the opening 78 between the valve seat section 74 and diaphram 75 (valve port) can be adjusted. 
[0006] Moreover, 79 is the hydrometry section formed between passage 69 and passage 70. This flow rate control 
section 79 consists of a pressure sensor 81 formed in the inferior surface of tongue of a substrate 63 so that the 
passage 80 extended caudad may be faced the connection of passage 69 and 70, and a sonic nozzle 82 prepared in 
passage 70. 83 is silicon and 84 is a lid. 

[0007] In addition, in drawing 9 , the passage where the pressure regulator by which 85 is prepared in the top face 
of the accumulation block 62, and 86 are prepared in a stop valve, and 87 is prepared in the accumulation block 62, 
and 88-90 are seal members. 

[0008] In the massflow controller 61 constituted as mentioned above, the gas shown by the arrow head G goes into 
passage 66, subsequently, passes along passage 67 and reaches passage 69 through the opening 78 determined by 
the location to the valve seat section 74 of the diaphram 75 of the flow rate control section 73. Then, hydrometry 
is carried out in the hydrometry section 79, the measurement result is compared with the flow rate set point, and 
the opening of said opening 78 is adjusted based on this, and it can control so that the flow rate of Gas G always 
turns into a predetermined flow rate. 
[0009] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned conventional massflow controller 61, 
the member of the part into which Gas G circulates is SERAMMIKUSU (substrate 63), or since it is silicon (silicon 
layers 64 and 65), there are the following problems. That is, having un-arranged [ ** and / of being hard to escape 
from moisture while being easy to carry out desorption, therefore being unsuitable for the gas of a high grade ] Gas 
G, since the ceramics is the so-called porosity. Moreover, it has risk of association with silicon being brittle to 
strong impulse force, and corrosive gas and a toxic gas leaking it while corrosive gas has the fault of being easy to 
be risked, although heat-resisting glass (heat-resisting glass layer 76) is strong with heat. That is, the conventional 
massflow controller was what cannot necessarily be referred to as having sufficient reinforcement mechanically 
while it was unsuitable for adjustment of the quantity of gas flow used for semi-conductor manufacture etc. 
[0010] It is offering the integration flow rate control unit using small and useful the massflow controller and this 
which have the strong and safe structure this invention not having been made with careful attention to the above- 
mentioned matter, and that purpose's not being risked by corrosive gas etc., and strong impulse force's also being 
borne two or more. 
[001 1] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the massflow controller of this 
invention While preparing the silicon substrate section and the ** gas chip section joined to this top face in the 
well-closed container which enclosed inert gas, forming this ** gas chip section in the multilayer structure which 
carried out two or more laminatings of two or more corrosion-resistant metal plates and forming passage in that 
interior It is characterized by forming the hydrometry section and a flow rate control section in this passage. 
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[0012] In the above-mentioned massflow controller, since the part (** gas section) which touches gas is 
constituted from a corrosion-resistant metal, while not being risked by corrosive gas, it has sufficient mechanical 
strength. And this massflow controller can be micrified and fertilized by applying the micro-machining technique 
which utilized the photolithography of a semi-conductor process technique, and the etching technique. 
[0013] And the integration flow rate control unit of this invention is characterized by making each massflow 
controller equipped with a pressure regulator, and a pressure sensor and the stop valve section while it forms in 
juxtaposition two or more massflow controllers of each other which have the property which was excellent the 
account of a top. 
[0014] 

[Embodiment of the Invention] The gestalt of implementation of invention is explained referring to a drawing. 
Drawin g 1 and drawing 2 show the gestalt of the 1st operation, and in drawing 1 , 1 is a massflow controller and is 
constituted as follows. That is, 2 is the hermetic container which consists of a body 3 of a container which 
consists of a proper metallic material, and a stem 4 which consists of a proper metallic material which closes 
opening of the lower part of this body 3 of a container, and while the interior of this hermetic container 2 is filled 
up with inert gas, such as nitrogen gas, the body 5 of a massflow controller is established. This body 5 of a 
massflow controller consists of the silicon substrate section 6, the ** gas chip section 7, and the joint block 
section 8. Hereafter, the configuration of these each part 6-8 is explained to a detail. 

[0015] First, said silicon substrate section 6 is constituted as follows. 9 is the silicon substrate 9 of thickness (for 
example, 500 micrometers) suitably, and IC circuit section 1 0 as an operation control section is formed in a part of 
the top face. This IC circuit section 10 is equipped with the function which delivers and receives the function of 
hydrometry and control of flow, and a signal with an external device. And 11a and 12a are the body of a sensor of 
the pressure sensor 1 1 formed in the top-face side of a silicon substrate 9, and the body of a sensor of a 
temperature sensor 1 2, etch suitably the inferior-surface-of-tongue side of a silicon substrate 9, respectively, and 
are formed. Moreover, these bodies 11a and 12a of a sensor are members which constitute the hydrometry section 
16 mentioned later. 

[0016] Next, the configuration of said ** gas chip section 7 is explained, also referring to drawing 2 . As it is a body 
of a ** gas chip and is shown in drawing 2 , 13 is 5 piled-up layer structures in the corrosion-resistant metal of 
thickness (for example, 100-500 micrometers), for example, a stainless steel plate, five-sheet 13a-13e suitably, for 
example, for example, is about [ 1-2mm angle x1mm ] magnitude. Between them, this body 13 of a ** gas chip 
prepares a junctional zone in the top face of a silicon substrate 9, or is joined and prepared in it by organic or 
inorganic adhesives. Each part which is explained below is formed in this body 13 of a gas chip by technique, 
such as etching. 

[0017] 14 is the passage where the gas G of a controlled system flows, and the flow rate control section 15 and 
the hydrometry section 16 are formed in this passage 14 in this order from that upstream. 
[0018] First, said flow rate control section 15 is constituted as follows. The valve seat section by which 17 is 
formed in 3rd layer 13c of the body 13 of a ** gas chip, and 18 are flow rate control-section diaphrams formed in 
layer [ 2nd ] 13d of the body 13 of a ** gas chip. This flow rate control-section diaphram 18 has a function as a 
valve element, and a function as a septum. And 1 9 is the supply way of the air for driving this flow rate control- 
section diaphram 1 8. That is, the flow rate control section 1 5 in the gestalt of this operation is formed in the flow 
control valve of a pneumatic-control method, and by adjusting the opening 20 between the valve seat section 1 7 
and the flow rate control-section diaphram 18 (valve port), it is constituted so that the flow rate of the gas G 
which flows passage 14 can be adjusted. 

[0019] And said hydrometry section 16 is constituted as follows. 11b and 12b are the pressure-sensor diaphrams 
and temperature sensor diaphrams which are formed in 5th layer 13e of the body 13 of a ** gas chip, respectively, 
and they are prepared so that the parts 21a and 21b which are open for free passage with said passage 14 by half 
etching for the improvement in sensibility may be attended. 22 is a sonic nozzle which is formed in 1st layer 13a of 
the body 13 of a ** gas chip, and is located in the lower stream of a river of passage 14. That is, the hydrometry 
section 1 6 in the gestalt of this operation consists of a pressure sensor 1 1 , a sonic nozzle 22, and a temperature 
sensor 12. A temperature sensor 12 measures the temperature for amending that the flow rate in the hydrometry 
section 1 6 is dependent on the temperature of critical pressure. 

[0020] Moreover, said joint block section 8 is the thing equipped with the joint for a tie in with external gas, and is 
constituted as follows. 23 is the joint block body which consists of corrosion-resistant metals, such as stainless 
steel, and it is equipped with the joint 26 which stands in a row on the air supply way 19 while it is equipped with 
the joints 24 and 25 which stand in a row in the upstream and the downstream of passage 1 4, respectively. 
[0021] And in drawing J , 27 is the pneumatics control valve which controls pneumatic pressure, for example, 
consists of a solenoid valve. A massflow controller 1 can be used as a normally closed mold (or normally open 
mold) by using this pneumatics control valve 27 as a normally open mold (or normally closed mold). Moreover, 28 is 
the lead pin installed under the stem 4, and is used for signal transfer with the current supply for driving IC circuit 
section 1 0, and IC circuit section 1 0 and an external device (not shown). 

[0022] In the massflow controller 1 of the above-mentioned configuration, Gas G is introduced in a massflow 
controller 1 through a joint 24. In a massflow controller 1, the pneumatics control valve 27 opens with the signal 
from IC circuit section 10, the location of the flow rate control-section diaphram 18 is controlled by the pressure 
of the air introduced by this, the opening of the opening 20 between the valve seat section 1 7 and the flow rate 
control-section diaphram 18 is adjusted, and the flow rate of the gas G which flows said passage 14 is controlled. 
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[0023] And if Gas G passes a pressure sensor 1 1 and a sonic nozzle 22, a signal will be sent to IC circuit section 
10 by them, and a hydrometry signal will be acquired from them by carrying out signal processing in IC circuit 
section 10, respectively. This hydrometry signal is compared with the flow rate setting signal beforehand set as IC 
circuit section 10, and control of flow is performed by feeding back that comparison result to the pneumatics 
control valve 27. The gas G which passed through said sonic nozzle 22 is drawn out of a massflow controller 1 
through a joint 25. 

[0024] In the above-mentioned massflow controller 1 , since the ** gas chip section 7 consists of corrosion- 
resistant metals, such as stainless steel, it is not risked by corrosive gas. Moreover, its junction nature with a 
silicon substrate 9 is very good, and since this ** gas chip section 7 has strong structure, it is strong also to 
impulse force. 

[0025] And in the above-mentioned massflow controller 1, since it holds in the well-closed container 1 with which 
the body 5 of a massflow controller filled inert gas and is intercepted with the exterior, it has not been said that it 
is risked chemically or deteriorates. 

[0026] Moreover, micrifying and fertilization are possible for the above-mentioned massflow controller 1 by applying 
the micro-machining technique which utilized the photolithography of a semi-conductor process technique, and the 
etching technique. 

[0027] In addition, IC circuit section 10 is not formed in the silicon substrate section 6, but you may make it 
prepare in an external device (not shown) in the massflow controller 1 in the gestalt of implementation of the above 
1st. Moreover, you may make it form the pneumatics control valve 27 in a silicon substrate 9. 

[0028] Next, the hydrometry sections only differ in the massflow controller 1 of the gestalt of said 1st operation by 
drawing 3 - drawing 5 showing the gestalt of the 2nd operation, and, as for massflow controller 1A of the gestalt of 
this operation, other configurations are completely the same. That is, the hydrometry section 29 of massflow 
controller 1 A in the gestalt of this 2nd operation is constituted by the thermal-method-of-flow-measurement 
section, therefore the sonic nozzle is not prepared in passage 14. Then, only a different part is explained. 
[0029] That is, as shown in drawing 3 and drawing 4 , once branching passage 14 to two passage 30 and 31 before 
the flow rate control section 15 and a joint 25, it is made to join by the downstream, the thin film flow rate sensors 
32 and 33, such as a sensible-heat thin film heater, are formed in the passage 30 near the silicon substrate section 
6, and other passage 31 is made into bypass passage. 

[0030] Drawing 5 shows an example of the configuration of the thermaHmethod-of-flow-measurement section 29, 
and, as for the sensor passage 30 in which the thin film flow rate sensors 32 and 33 are formed, parallel passage 
30a is formed in the 4th layer 13d inferior-surf a ce-of-tongue side of the body 13 of a ** gas chip of half etching 
mutually [ plurality ]. And the thin film flow rate sensors 32 and 33 are formed by forming a sensible-heat thin film 
heater in the inferior-surface-of-tongue side of 5th layer 1 3e of the body 1 3 of a ** gas chip by half etching. 
Moreover, as for the sensor passage 30 and the juxtaposition bypass passage 31, parallel passage 31a is formed in 
the top-face (or inferior surface of tongue) side of 2nd layer 1 3b of the body 1 3 of a ** gas chip of half etching 
mutually [ plurality ]. In addition, although the number of juxtaposition passage 30a in the sensor passage 30 is 
fixed, the number of juxtaposition passage 31a in the bypass passage 31 is suitably defined according to a quantity 
of gas flow. Moreover, the thin film flow rate sensors 32 and 33 are connected so that the resistance and the 
bridge circuit which were established in IC circuit section 10 may be constructed. 

[0031] Since the actuation and the operation effectiveness of massflow controller 1A in the gestalt of this 
operation are the same as the massflow controller 1 in the gestalt of implementation of the above 1st, that detailed 
explanation is omitted. 

[0032] Next, with massflow controller 1A of the gestalt of said 2nd operation, flow rate control sections only differ 
by drawing 6 showing the gestalt of the 3rd operation, and, as for massflow controller 1B of the gestalt of this 
operation, other configurations are completely the same. That is, the flow rate control section 34 of massflow 
controller 1 B in the gestalt of this 3rd operation is constituted so that the flow rate control-section diaphram 1 8 
as a valve element may be driven with the piezo actuator 35, therefore the air supply way 1 9 and the member 
relevant to this are not prepared. 

[0033] That is, as shown in drawing 6 , the piezo actuator 35 is formed in the space part (part removed by etching) 
of the lower part of the flow rate control-section diaphram 18, and the applied voltage to this is constituted so that 
it may be adjusted by IC circuit section 10. 

[0034] Since the actuation and the operation effectiveness of massflow controller 1 B in the gestalt of this 
operation are the same as the above 1st and the massflow controllers 1 and 1A in the gestalt of the 2nd operation, 
that detailed explanation is omitted. 

[0035] in addition, the massflow controllers 1, 1A, and 1B of this invention are not restricted to the gestalt of 
above-mentioned operation, can deform into versatility and can be carried out. For example, the number of 
laminatings of the corrosion-resistant metal in the ** gas chip section 7 is arbitrary. Moreover, the flow rate 
control section 1 5 (34) may be formed in the downstream of the hydrometry section 1 6 (29). Furthermore, you may 
combine with the flow rate control section 34 and the hydrometry section 1 6. furthermore — and it may be made 
to drive flow rate control-section diaphram 18 in a flow rate control section with a thermal method or a liquid 
[0036] Although each gestalt of above-mentioned operation was a massflow controller simple substance, it 
integrates using this two or more, and it is good also as an integration flow rate control unit. Hereafter, it explains 
as a gestalt of the 4th operation of this, referring to 
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[Brief Description of the Drawings] 

[Drawing 1] It is drawing of longitudinal section showing the massflow controller concerning the gestalt of the 1st 
operation. 

[Dra w ing 2] It is drawing of longitudinal section showing the ** gas chip section used with said massflow controller 

[Drawing 3] It is drawing of longitudinal section showing the massflow controller concerning the gestalt of the 2nd 
operation. 

[Drawin g 4] It is drawing of longitudinal section showing the ** gas chip section used with said massflow controller 
[Drawing 5] It is the decomposition perspective view of said ** gas chip section. 

[Drawing 6] It is drawing of longitudinal section showing the massflow controller concerning the gestalt of the 3rd 
operation. 

[Drawin g 7] It is drawing showing roughly the flat-surface configuration of the integration flow rate control unit 
concerning the gestalt of the 4th operation. 

[Drawing 8] It is drawing of longitudinal section of said integration flow rate control unit. 
[Drawing 9] It is dramng for explaining the conventional massflow controller. 
[Description of Notations] 

1, 1A, 1B, 44 — 2 A massflow controller, 48 — Well-closed container, 6 [ — A corrosion-resistant metal plate, ] — 
The silicon substrate section, 7 — The ** gas chip section, 10 — An operation control section, 13a-~13e 14 [ — 
Flow rate control-section diaphram, ] — 15 Passage, 34 — 1 6 A flow rate control section, 29 — The hydrometry 
section, 18 35 [ — A thin film flow rate sensor, 40 / — An integration block, 45 / — A pressure regulator, 46 / — 
A pressure sensor and the stop valve section. ] — A piezo actuator, 11 — A pressure sensor, 22 — 32 A sonic 
nozzle, 33 
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